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MOTOR TUNING
TABLE SETUP SUGGESTIONS
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Set your table and control console up so you
cut in the same orientation that you draw in
where side to side is always X.

X, Y Homes

0, 0

4 motor setup (dual drive
on the gantry)

Z axis w/ torch holder

X axis

If you stand here to run the machine
then 0, 0 is lower left corner from your
location. X is cross axis (long axis)

Typical rectangular
table setup

Master
Motor

GANTRY

Slave
Motor

Z axis w/torch holder
(alternate mounting)

X, Y Homes

0, 0
If you stand here to run the machine
then 0, 0 is lower left corner from your
location. X is cross axis (short axis)

X axis
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LINEAR MOTION WITH RACK & PINION
Pressure Angle

Pitch Diameter

OD

RACK

TYPICAL SPUR (PINION ) gears
Psr = Pinion Speed increase ratio = Pitch Dia [in inches] * PI (3.1416)/1
= Pitch Dia [in mm] * PI (3.1416)/25.4
Example: 1” Pitch Dia pinion will have a step up ratio speed increase of 3.14 (approx 3)
Belt reduction decreases speed by Raw Speed/Belt Reduction Ratio.
Belt reduction increases linear force by normal force X Belt Reduction Ratio.
Raw Motor Resolution = 1/200 = .005” linear [.127mm]
Final linear resolution = .005/Belt Reduction Ratio
Belt Reduction Ratio =
R2/R1
Numbers for direct pinion drive are
:simply Psr * Motor RPM = IPM (speed)
Torque(oz) = T1/ R3

P2
Linear Force

R1
R2

P1

R3

P3

FIXED
Forces:
T1= Rated motor holding torque (Oz-in) / R1
T2 = Shaft holding torque of P2 = motor holding torque * Belt Reduction Ratio
T3 = Torque (oz-in at pinion (teeth) = T2 * R3
Note: Motor torque decreases with Motor RPM so a number of about 50% of the holding torque
should be used for most calculations.
Motor constants: (based on stepper motors provided by CandCNC)
Typical RPM of hybrid steppers (moderate load) with different DC power
24 VDC = 300 RPM
48 VDC = 600 RPM
65 VDC = 800 RPM
Number of steps for 1 motor REV = 2000 (this a fixed number based on Microstepping X10)
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EXAMPLES
620 oz-in Stepper motor @ 48 VDC with 1” dia pinion gear & direct drive:
Max possible IPM = 600rpm X 3.142 = 1885 IPM
* 50% RPM linear force = 50% Stepper motor torque/pinion Radius/Pinion Speed
Ratio = (310Oz-in/.5in) / 3 = 206.66 linear oz of force
Same design but with 3:1 belt reduction from motor to pinion shaft:
(310OZ-in/.5in)/1 = 620 linear oz linear force.
* in the above calculations the motor RPM and torque numbers of 50% were used
to operate the motor in the center part of it’s torque-RPM curve.
Calculating the beginning Steps per UNit on an AXIS
Use the following formula to get a ballpark steps per unit number in MACH:
Psr = Pinion Speed increase ratio = Pitch Dia [in inches] * PI (3.1416)/1
Target Steps per Unit = (Psr X 2000)/Belt Reduction ratio
This will give you the required number of steps it takes to move 1”

Once you have the calculated number of steps it takes to move the axis one inch
then put that number into the STEPS per UNIT of the motor.
Based on the speed numbers you have calculated from the previous pages set your
velocity to a value of 60 to 80% of that number.
Set your Beginning Accelerations to a low number like 10
To fine tune the calibration see the next pages.
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Setting the initial Steps per Unit in CONFIGURATOR motor tuning.
Every table will have different Steps Per Unit, Velocity (max speed) and Acceleration settings. To do
testing on the table you must determine the correct settings for your table. Use the following method:
For Steppers:
1. Determine the number of steps your motors need to make one full revolution (Normally
2000 for most steppers)
2. Multiply by the Motor Driver microstepping rate (10 for BladeRunner/Gecko drivers) =
2000 steps for one motor revolution.
3. Determine the drive ratio of your mechanical drive (how far does the leadscrew or pinion
move the load with one revolution of the motor).
4. Convert everything to your Units (inches/millimeters) and same time measurements
(seconds or minutes).
Using 1 and 2 above we know we have to send 2000 pulses (step pulses) from MACH to rotate the
motor one complete revolution (360 Degs).
The rest of the math is based on the transmission ratio(s) between the motor and the final drive element.
If it's Rack & Pinion you need to know the DP (diametric pitch) or the tooth count of the pinion gear and
the TPU of the Rack (Teeth per unit).
If it's a direct drive leadscrew you need to know the treads per unit (TPI for inch units).
We have to determine how far the load moves (in units) for each REV of the motor.
Lets do a direct drive leadscrew of 5 TPI:
It takes 5 turns to move the load one inch of linear movement so the steps per inch (unit) of the axis is
simple: 2000 [number of steps for one rev] X 5 [number of Rev to move one inch] = 10.000 steps per
inch. (.0001”) resolution. About 6 to 7 times the torque. 1/5th the motor Speed.
Now let's do a R & P direct drive and an R & P with a belt reduction transmission:
For a R & P the distance traveled per rev of the pinion is given by the DP of the pinion X PI [3.1416]. If
we use a 1” DP pinion the distance traveled is 3.1416” per rev of the pinion So a direct coupled motor
gives us over 3” of travel per rev. To get it back to a Unit (1“) it would be the number of steps (2000 from
above) / 3.1416 or 636.6183….as you can see, the resolution at .00157 per step is MUCH courser than
the 5 TPI leadscrew. The max velocity (speed would be over 8 times the leadscrew but with 1/3 the
torque of the motor specs) is over 2000 IPM.
To gain back the lost resolution and torque you should belt reduce between the motor and pinion. With a
5:1 ratio you would see the numbers change to:
2000 /3.14165 X 5 or 3183.1 steps per inch (.000314 inch). Torque would be 1.66 times greater than
motor rated torque.
NOTE: DO NOT use the microstepping in a “true” resolution calculation for accuracy. Microstepping is
for motion smoothness and cannot be counted on to actually position the motor shaft at a fraction of a
motor pole (between poles). It can be off and the faster the motor spins the less effect microstepping
has. The only true resolution will be the 2000 steps per rev of the motor. In practice it will be somewhat
better especially at slower RPM but it varies.
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H

NOTE: Sample numbers ! Your
system will be different
Testing the BladeRunner for motor control
. In order to get motion and you need to have CommandCNC running with it out of E-stop and the CP LED on
the front panel if the MP3600 or on the side of the BladeRunner. Without CP active, you will not get motion.











Make sure all of the cables are connected.
Power up the Main Control.
Load CommandCNC with the proper profile (BladeRunner) and Screen.
Turn on DC Motor power using the ON button on the Front Panel (ESPII boxes).
Motors should “lock” when power comes on to the motors.
Hit the Reset button. The Button Text will change from E-STOP ACTIVE to PRESS FOR E-STOP.
The CP LED on the front panel of the BladeRunner or MP3600 will turn solid Yellow
Use the keyboard arrow keys to jog your machine. Make sure they move the right direction based on
the DRO. Movement away from x0 Y0 and Z 0 should cause the respective DRO to INCREASE.
Use the MDI screen to enter a motion command (Example: G0 X10.0 ) and check that the axis moves
in the right direction and the proper distance.

It is important to note here that the motion of Z for jogging and via G-Code is set in the
CONFIGURATOR but the DTHC settings ARE INDEPENDENT and if you need to, refer to
the CommandCNC-DTHCIV Manual for proper setup and tuning of the DTHC for Z.
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At this point you should have motion on all axis using the keyboard keys to scroll with. In
this section we will set the direction of motion for each axis and match the keyboard keys
to that motion.
IF YOU HAVE THE MOTORS ON THE BENCH AND LABELED YOU WILL NEED TO
ORIENT THEM LIKE THEY WILL BE MOUNTED ON THE TABLE AND WATCH THE
DIRECTION OF TURN OF THE SHAFTS. IF YOU DECIDE TO MOUNT THE MOTORS
ON THE TABLE, YOU SHOULD DISENGAGE THEM FROM THE TRAVEL MECHANISM
UNTIL YOU GET ROTATION DIRECTION RESOLVED. THIS IS ESPECIALLY TRUE
FOR THE SLAVED MOTOR ON THE GANTRY AXIS.

Setting Motor Direction of Travel
1. Load CommandCNC and the Plasma or Router Profile.
2. Power up the BladeRunner AIO and the DC to the motors.
4. Move Each axis several inches away from the Table 0 (home switch) positions 5. Zero
each DRO with Zero Button next to each axis.
5. Jog the Z first. Note the Z DRO as it moves UP.
a. If the numbers are INCREASING in value then the direction is correct.
b. If the numbers are DECREASING then the direction is wrong. See the image from
the CONFIGURATOR / MOTORS screen to reverse the direction of a motor
rotation.

6. JOG the non-slaved axis next and do the same DRO check and change if it is scrolling
the wrong direction.
7. The Slaved Axis is a little different. You must FIRST setup the slaving by assigning two
motors to the same axis name
8. If in the setup you need to change the Master Axis DIR to make it move correctly, you will
also need to change the Slave Axis on a 4 axis (Software Slave) setup.
9. Invert Step Polarity sets the polarity of the step signals going to the motor drivers.
They should be set to CHECKED for all active motors on a BladeRunner.
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Step Pulse: Width in usec of the step pulse. This has been changed on BladeRunner
system from 2.5 to 3.5.
Step Space : Time between pulses (min). Should be se to same values as Step Pulse at
3.5
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The MDI is a line to allow you to type in direct g-code commands to make the
machine make specific moves. You don't need to have a deep knowledge of g-code
to use it for testing.
(Your MDI may look different)








When you type in a g-code command it is not case
sensitive but be sure to use zeros's and not “O's”
for the numbers! Use numbers after G NOT
letters. G1 not Gl
With the machine out of e-stop and power on, type
the following into the MDI Frame:
o Move the screen cursor to the MDI menu
tab and click on it. The MDI screen will
appear and a history of previous
commands. No other movement keys work
when the MDI frame is selected. The
command is entered at the bottom
o You must have the motors powered up and
CommadnCNC out of RESET
o With the cursor in the Edit box hitting
ENTER will execute the line and put it in
History or clicking Check Icon (see below)
The called axis should move in some direction. It
should have moved away from your established
zeros and the DRO numbers should have
increased. If it did not then you need to reverse
the direction of axis travel.
Work with each axis to establish that the
movement direction is correct. Use the MDI frame
and change the axis letter from X to Y then Z. Do
NOT change the polarity of the step signal

Click the check icon on the right
side to RUN the line of code
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FORMULA FOR CALIBRATING
Steps per Unit on an axis

Current Setting in Steps per UNIT

Commanded Distance (DRO reading)

Actual Distance Traveled (Tape reading)

Initial Steps per unit (in
Configurator CommandCNC)

X error ratio

=
=

error ratio

New Steps per Unit

Other resources to help:
All CandCNC Videos : https://www.candcnc.com/videos/
Video tutorial on motor tuning here: https://youtu.be/SU1CY8NJHAk

Steps per unit calculator here:
https://www.candcnc.com/knowledgebase/motor-tuning-calculator/
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FINE TUNING the calibration using the “tape measure” method
Once you have a ballpark of the number of steps it takes to move your machine 1 inch, (or
1 mm) then you can fine tune them using a simple tape measure and a calculator.
1. Establish a zero spot you can precisely mark on your table. On a plasma table you need
to remove the torch and either mount a laser pointer at tool center or use a sharp pointed
tool in a holder. You can also tape a small drill bit or pointer to the torch nozzle if your mount
has enough room. You want something small enough you can see errors of .020 on the
marks of the tape.
2. Setup up the axis you want to calibrate with the pointer sitting at the zero point and zero
that axis DRO.
3. Write down the Steps per Unit value you have for that axis.
4. Open MACH to the Diagnostics Page and find the MDI window.
5. Type in a distance to send that axis out using the following G-Code (example is for
moving X out 30 inches). HIT THE ENTER Key to execute the line.

6. Measure the ACTUAL distance you went with your tape measure from zero to where it
stopped and write down the distance to as close a decimal value as you can (estimate the
distance if it’s less than a 1/16 (.063).
7. BEFORE YOU make ANY changes move the axis back to the start point by using the
MDI and typing G00 X0.000 (for the example above).
8. Use the formula or the inner active motor tuning calculator on the website and calculate
the new Steps per UNIT. Then open the motor tuning in the CONFIGURATOR and make
the change. Run the same test again (you should be MUCH closer). Once you are as
close as you can see by eye at 30 inches do one final test at the longest point on that axis.
Typically if you are within .032 at the end of the move, you will be within 4 decimal points at
1 inch.
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SERIES CONNECTION

COLORS OF LEAD WIRES

Use # 8-32 mounting screws (4mm)
2.351
1.856

MOTOR SPECS 620 OZ-IN

INSULATION CLASS
LEAD STYLE
NO. OF LEADS

HOLDING TOGQUE

RESISTANCE

CURRENT

VOLTAGE
3.5

1.8±5°/STEP

STEP ANGLE

PHASE

EIGHT WIRING
2
PHASE

unit=mm

CONNECTION WISE

V

SPECIFICATIONS

.940

.058

.375

DIMENSIONS
Dimensions in Inches

1.498

A

1.856

BladeRunner 620 Stepper Motor
Dimensions
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ADDENDUM SECTION ADDED 11/15/12
For BladeRunner AIO Dragon-Cut SERVO
products

The following 6 pages are for the SERVO motor version of the BladeRunner DragonCut
and cover the setup and tuning of a system with servo. The Driver tuning is done at the
factory and seldom needs to be changed but some mechanics may require some tweeks to
the driver tuning. Besides the change of the tuning in CommandCNC (calibration) and
recommended settings for the servo system, the DragonCut will operate in the same
manner. The motor gearhead combinations were engineered for optimum performance for
plasma cutting. The wider torque range of the servo motors provides a better platform for
mixed cutting applications (router/plasma) but the typical issues of cross contamination and
change over still remain. The servo system does offer higher performance with increased
upper cutting speeds at high acceleration rates. This does put larger stress on the
mechanics, so full out maximum settings are often counterproductive.
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HARDWARE DIFFERENCES FOR BladeRunner SERVO system

EZPlugII Servo Drive Assembly
NOTE: Servo Motors use the same 4 wide motor
plug as the BladeRunner Stepper systems but
the pinout is different. Do NOT plug a stepper
into a servo unit or vice versa!
SERVO systems use a rotary encoder mounted on the
motor. Each encoder is supplied with a differential driver
(”pigtail”) that allows a standard CAT 5 cable to be plugged
in and transmit the encoder information back to the servo
interface sub-assembly. You MUST HAVE THE ENCODER
CABLES CONNECTED when a motor is powered up! With
no feedback to the electronics of where the motor is, it will
“Run Away”. We have color coded the label and the cables
to make it easier to identify each motor/encoder pair. Do
not get the pairs mismatched.
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ENCODER

Overall length to flange

3.54”
GEARHEAD 10:1

0.962"

40

2.

56

1.8

1

Encoder Line Count = 250
Pulses per Rev = 1000
Resolution = .0001 per step

Combined Overall length 10.5 “
Diameter (max) 2.5 inches
Weight (combined 5.4 lbs)
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SERVO GEARHEAD SPECS

6.0"
9.5"

SERVO MOTOR

2.380"

2.40”

Different diameter pinion gears will yield different Speed and Force numbers

Direct drive to 1” DP Pinion Gear:

Gearhead:
Input (female) = .250 Output (Shaft) = .375 dia
Ratio : 10:1 reduction
RPM Max = 470 RPM
Torque Continuous = 450 oz-in
Torque Peak = 3200 oz-in
Radial backlash 10 Arc-minutes max

Servo Motor:
23 Frame flange mount 1/4” Shaft
Max RPM @ 60VDC = 4700
Continuous Torque = 50 oz-in
Continuous Current = 3.5A @ 50 oz-in
Peak Torque = 328 oz-in @ 20A

BladeRunner 23 Frame Servo
Motor & gearhead Dimensions

BladeRunner Hardware
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ADDENDUM SERVO MOTOR SETUP AND TUNING
The BladeRunner Servo systems ships with 4 (or 5) servo motors and on the XY motors (3)
there are 10:1 gearheads. The following pages should be used to do the calculations for
the calibration and to determine the best velocity and acceleration. In addition to the
normal motor tuning in CommandCNC, the Gecko G320X drives have a PID set of pots that
can be used to do added response tuning of each motor. The PID settings are done
during final testing prior to shipping and seldom need to be adjusted. We have
included excerpts of the tuning process from Gecko, but unless you are experiencing
motion induced fault issues, then doing adjustments just to see what it does will not
“fix” anything. While different loads can alter the response of the servo it will not effect
the accuracy. The servos are never at rest if they are powered up. As a result they WILL
make noise. If you attempt to tune them for no noise or minimum noise you will have a
“sloppy” system. Even a poorly tuned system will not allow a lot of error in position to occur
before it faults.
SERVO TUNING 101...Tuning by ear
If you don’t have a dual channel oscilloscope and the experience to use it, the easiest way
to tune a Gecko drive is by sound. The following covers that method and will yield good
results.
DO THIS ONLY IF YOU ARE CONFIDENT THAT THE MOTORS ARE EXHIBITING
SYMPTOMS OF IMPROPER TUNING! Most problems are mechanical (backlash,
loose gears/pulleys or settings in CommandCNC) and cannot be helped with driver
tuning.
This should be done ONLY if you experience any of the following:
1. Any motor that pulses slowly or is completely quiet when powered and not moving.
2. An axis that faults often when you are accelerating the motion.
NOTE: It is normal for a servo to fault and the ESPII to throw a fault when you do an
emergency STOP. The motor cannot stop instantly without causing a fault.
Faults from other issues like overloads and noise cannot be fixed with motor tuning!
The motors need to be mounted and under load to do tuning by ear.
1. Power up the motors. It may be easier to disconnect all but one motor and encoder pair
at a time so you can hear just that motor. If you accidently try to jog a motor that is not
connected the Gecko drive WILL fault.
2. Make sure the motor under test “locks”. If it starts to move, then make sure the encoder
is plugged in for that motor. If the motor losses encoder pulses (either channel) it will start
to run away (spin at full speed hunting for a line on the encoder).
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3. The motor should “hum.” The frequency is typically below 220 hz (octave 3 A on the
music scale). The important thing is that the motor does not sit and pulse indicating it is
way over dampened. The higher the frequency of the “hum” the tighter the tuning. There
are two main controls: The P and the D pots. The P is the gain and as you increase it the
hum frequency will go up.
4. Start with the D and I pot turned all of the way counterclockwise (minimum) and slowly
advance the P pot until you either hit a point it gets unstable and the motor starts to twitch
(oscillate ) or you have it turned all of the way up. Make a note of the pot position and back
it off until the oscillation stops and then advance it to a position below that point. Now
increase the D (dampening) and listen to the frequency. It will drop. Stop the D at about 1/4
turn and then advance the P past where it became unstable before. If it starts to become
unstable note the position and back it back down, then advance the D some more and turn
the P back up. The objective is to have high gain but with enough dampening to keep the
loop stable under all conditions. Once you have established the highest gain (P) that you
can support at a given D, then back it off a little and leave the D where it is. Do not set the
motor so that it is silent or pulses. After you have the P and D set raise the I and that
increases the dampening curve.
Once you have the motor tuned in a static (non-moving setup), connect to load, than set
the tuning in MACH up to a high number (75 to 100) for acceleration and jog the motors at
full speed and change direction several times. If the motor driver faults than lower the P
slightly, raise the dampening slightly by increasing the I setting. Once you have one motor
tuned correctly listen to the frequency of the sound. Use that as a guide to tune the rest of
the motors.
5. Setting the Torque Limit Trimpot. For 23 sized servo motors used on the
BladeRunner Servo system, set the Torque Limit Trimpot to ½ range (centered between full
CW and CCW rotation. This limits current to 10A max. Leave Dip Switch 10 set to OFF to
prevent a 20A 1 sec peak cycle.
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G320X Top View

Rotation Clockwise
(increase)

P
I

D

Accessed
from rear
using
small flat
blade
screwdriv

Torque Limit
Trimpot

SW1

Not used

Dip Switch
Access with
Cover ON

SW2 Current or voltage mode select
ON – Current mode (default)
OFF – Voltage mode
SW3, SW4, SW5 Current mode servo gain
SW3 “ON”, SW4 “ON”, SW5 “ON” = Low gain (default)
SW3 “ON”, SW4 “OFF”, SW5 “ON” = Medium-low gain
SW3 “ON”, SW4 “ON”, SW5 “OFF” = Medium-high gain
SW3 “OFF”, SW4 “ON”, SW5 “ON” = High gain
SW6, SW7 Sets the G320X pulse multiplier
SW6 “ON” and SW7 “ON” = Step pulse times 1 (default)
SW6 “ON” and SW7 “OFF” = Step pulse times 2
SW6 “OFF” and SW7 “ON” = Step pulse times 5
SW6 “OFF” and SW7 “OFF” = Step pulse times 10
SW8, SW9 Sets the G320X following error limit
SW8 “ON” and SW9 “ON” = +/- 256 count following error limit (default)
SW8 “OFF” and SW9 “ON” = +/- 512 count following error limit
SW8 “ON” and SW9 “OFF” = +/- 1024 count following error limit
SW8 “OFF” and SW9 “OFF” = +/- 2048 count following error limit
SW10 Sets the G320X current limit trimpot behavior
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EXAMPLES
50 oz-in Servo motor @ 60 VDC with 10:1 gearhead and 1” dia pinion gear & direct drive:
Max possible IPM = 4700rpm/10 X 3.142 = 1476 IPM.
* linear force = 100% servo motor continious torque X gear reduction / pinion Radius = (50
Oz-in X 10) / .5 = 1000 linear oz of force
Same design but with 3:1 belt reduction from motor to pinion shaft:
* In the above calculations the motor RPM and torque numbers of 100% were used since
servo motor torque does not drop off with RPM. These are maximum numbers and NOT
recommended for normal cutting and rapids. High values of velocity and acceleration put
maximum stress on components for little benefit.
Calculating the beginning Steps per Unit on a SERVO AXIS
Use the following formula to get a ballpark steps per unit number in MACH
Psr = Pinion Speed increase ratio = Pitch Dia [in inches] X PI [3.1416]
Steps Per Rotation (SPR) of motor = encoder line count X 4; [250 line count = 1000]
Target Steps per Unit = (SPR X gearhead Reduction ratio/PSR)
1000 X 10 / 3.1416 = 3183.091 steps per inch
Once you have the calculated the number of steps it takes to move the axis one inch then
put that number into the STEPS per UNIT of the motor.
NOTE: IF you have the Step Multiplier on the Gecko set to 2X, then you must divide the
Steps per Unit by 2.
Based on the speed numbers you have calculated from the previous pages, set your
velocity to a value of 50 to 80% of that number.
NOTE: The number of pulses per second you need is the target RPM (max) X the
SPR/60. For a target RPM of 4000 and 250 line encoder you need 40000000/60 =
66,666.0 steps per second (66 thousand) The EBOB can easily generate over 150,000
steps per second on up to 6 axis. The step multiplier in the G320X multiples the steps
from the PC so a 2X setting makes the steps per second required from the PC to be
33,333. The trade off is that it drops the resolution by ½ as well.
Set your Beginning Acceleration to a low number like 10.
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Calculating the max IPM you can travel (limited by max motor RPM )
4500 RPM = 75 RPS
Kernel Speed / SPR = RPS
45000/1000 = 45 RPS
Final Speed is limited by the smaller of the above two numbers
Pinion RPM = (RPS/ gearratio) X 60
IPM = Pinion RPM X Psr
For 45,000 and 250 line encoder:
(45000/1000) = 45 RPS
Pinion RPM = (RPS/10) X 60 = 4.5 X 60 = 270 RPM
IPM = 270 X 3.1416 = 848,23

RECOMMENDED SETTINGS FOR BladeRunner Dragon Cut
with 23 Frame servo motors and 10:1 Gearhead reductions
Recommened pinion DIAMETER : 1” (25mm)
Recommended belt reduction to pinion : NONE
Maximum belt reduction to pinion 2:1
Velocity XY and slave : 500 IPM (12700 mm/min)
Acceleration XY and Slave 35 to 50 IPS/sec **
Steps per unit XYA 3183.091 (1” pinion)
Velocity Z (5 turn Leadscrew) 300 IPM (7620 mm/min)
Acceleration Z : 20 IPS/Sec
Steps per unit Z = 1000 X leadscrew TPI
THC Rate (Mach setting) 20 **
Recommended Span Voltage (Cut Proffile) 4 to 8 **
Recommended plunge rate (SheetCAM) 50 - 100 IPM
Recommend DTHC Delay (SheetCAM or Cut Profile) 1.5 to 3 sec
** These settings may need to be adjusted depending on your mechanics to get smooth
cuts. Always adjust one parameter at a time.
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Diagnostics Input Status shows
active inputs and outputs

SETTING and TESTING INPUTS - HOMES
CNC ELECTRONICS

The expanded inputs
onthe EBOB are
displayed in the
Diagnostics Tab. The
old names (most used)
are now an alias in
parenthesis. The Input
names correspond to
the names on the Table
I/O REV12.3 card.
The number of possible
outputs has also
expanded. Note that
the Output 1 is no
longer the Torch output
.There are 12
addressable outputs
besides the 2 internal
outputs (Torcn and THC
Enable)
On most systems the
only outputs that will
register are the Torch
output , the THC enable
Aux Output A and Aux
Output B. You have to
install and setup the
Output Expansion
(Quad Relay) add-on to
have more controlled
outputs.
NOTE on some setups
AUX A and Aux B could
be asssigned to Output
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TABLE I/O CARD LOCATION
REV 12.3 and later

To “A” Socket HOT
terminal

To “B” Socket HOT
terminal

Hot Feed

Jumper

To AUX line INPUT
Hot side
From Breaker
Leg on AC Input (hot)

EBOB Ethernet Breakout Board
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SETTING and TESTING INPUTS - HOMES
CNC ELECTRONICS

Setting up HOMES.
Homes are used for establishing a known POSITION most often to define the MACHINE
ZERO locations and be able to return to the same fixed spot. Much like the address on
your house versus the location of your RV at any given time. If you establish a MACHINE
0 and do all of your cutting in reference to the that ZERO, then you can always re-establish
your cut at anytime even after a power failure and E-STOP. CommandCNC is very good at
remembering where you are because WORK coordinates are OFFSETS from MACHINE

TESTING HOMES at the TABLE I/O.
If you have not yet mounted or wired your HOME switches yet, it is easy to test to make
sure of their operation:
1. UNPLUG THE AUXILIARY AC CORD THAT PROVIDES POWER FOR THE AC
SOCKETS BEFORE YOU RUN ANY TESTS! You will need to power up the BladeRunner
and the DC supply to run the INPUT tests, but there is no AC high voltage in the top of the
unit UNLESS YOU HAVE THE AUX AC CORD PLUGGED IN.
2. Open the BladeRunner up (remove the cover and place it gently off to one side leaving
the cables to the Front Panel plugged in. Expose the TABLE I/O in the top of the case as
shown in the illustration on page 73. Note the input terminal pairs are side by side in two
rows.
3. Power up the BladeRunner AIO and turn on the DC (Front Panel). You do not need
the motors plugged in, but if they are, it is okay. CommandCNC will not come out of RESET
if the DC power is off. Inputs do not work properly if CommandCNC is in RESET
4. Make sure CommandCNC is loaded and the Proper CONFIG is selected. Open the
DIAGNOSTICS TAB for the test.
5. To test the inputs, Make up a small jumper wire.
6. Note on the TABLE I/O Card there are small LED’s next to each pair. When you short
across a pair you should see the associated LED turn on. That indicates the circuit is
complete between the Input on the Table I/O and the UBOBIII. It also confirms the 25 pin
cable is working.
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MAKE SURE THE AUX AC INPUT CORD IS DISCONNECTED FROM THE WALL
SOCKET BEFORE YOU RUN ANY TESTS
DANGER ZONE
WHEN AUX AC
CORD IS
PLUGGED IN

102

Input 15

EPO EStop
Aux 1
Input 10
Input 11
Input 12
Input 13
Input 14
Common

X
Y
Z
A
Limit
B
C
Common

TO TEST:
SHORT
BETWEEN
ANY
COMMON
AND AN
INPUT

Common

FT-01 Power Ind

CONNECTED TO
TABLE I/O HEADER
ON UBOB III CARD

Example of testing X HOME input and indications on the DIAGNOSTICS SCREEN. Test each
input at a time and match up the INPUT STATUS.
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TABLE I/O CARD PINOUT

SIGNAL ID

TO Output
A (20A)
CNC
ELECTRONICS
Socket HOT (Blk)

Jumper

From Breaker
Leg on AC Input (hot)

TO Output B
Socket HOT (Blk)

TABLE I/O REV 12.3
Ft-01 Wallplug -12 vdc
Ft-01 Wallplug +12 vdc
NOTE: There are four COMMON
connections for Inputs rather than
one for each . On switches, one
wire goes the designated input
and the other to any common.
You can put two or three together
or use the crimp termnal for
multiple wires
Settings for
using Z switch only

Settings for Super Z
Or feather touch as
separate PROBE

FT-01 Power Ind

X
Y
Z
A
Limit
B
C
Common

EPO EStop
Aux 1
Input 10
Input 11
Input 12
Input 13
Input 14
Common

NOTE the 12V sensor power
is not active on the UBOB
based system.

Common
12V out for
Ext Sensor

Input 15
103
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Home Switch Connections: At least one Home (Z) is required if you are using the
BladeRunner Dragon-Cut for plasma tables. It is recommended you mount and connect up
HOMES for the X & Y but it is not required.
EXAMPLE of HOME SWITCH
MicroSwitch Type switch with roller lever actuator.
Switch has .250 quik connects and a NO and NC set of
contacts. Mounting in this case is drilled and tapped
AL block with High Strength 3M double-sided tape
holding it to the table frame. Switch trips on bottom of
gantry frame but allows it to roll past if needed.

Mount your HOME Switches so they define the X and Y zeros on your table. Mount some clips or
brackets (stops) on the cutting surface or edges to let you index a sheet of material in relation to the
table zero. Even if the STOPS are not exactly at table zero you can deal with the offsets in the
CAM layout. Having alignment stops on your table let you accurately remove then re-load a
piece of material. Having a defined table 0, 0 that can be referenced to makes the recovery
of a loss of absolute position easy to recover from. We have provided enough inputs to allow for
up to 4 Homes.
The Z home setup is covered on the next page and depends on the type Floating Torch
Holder you are using.
The BladeRunner AIO enclosure is furnished with 4 access holes for routing switch wires into the
box for connection to the tabs on the TABLE I/O card. The holes are filled with two rubber knockout plugs that are easily removed. HOME switch wires carry very small amounts of current (<
15ma) and low voltage (3 -5 volts DC) so the wire size is not critical. It is recommended it be
stranded for flexibility on any moving part of the table and for longer runs twisted pair(s) are
recommended. Wire from 24Ga to 18Ga works best. The smaller the conductor the more wire
pairs will fit through the access holes. Use the correct sized Crimp-On connector for the size wire
you use.
Switch Wire Access
Plugs on End of
BladeRUnner AIO
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Z AXIS “Touch Off” SWITCH
Z HOME

CNC ELECTRONICS

WHAT IS A FLOATING TORCH
HOLDER and WHY DO I NEED ONE?

Example of a Z with the Floating Torch
Holder for
doing the IHS for Plasma cutting.

The Floating Torch holder is a torch
holder mounted on a separate slide
from the Z axis and allows the torch to
move UP and DOWN independent of
the Z motion. In operation it uses the
end of the torch (torch tip) as a “Probe”
to find the Top-of-Material. Because
metal tends to warp and the slats may
not be perfectly level, the Z zero
changes (top of the material) as you
move around the table surface. The
DTHCII will track the rise and fall of
the material as it cuts to hold a
constant arc gap, BUT the absolute
value of Z as displayed by the Z DRO
is based on the LAST REFERENCE
DONE. (Where it started) Each pierce
needs to be done at exactly the right
height above the material so a method
if Initial Height Sensing (IHS) is
needed. The Floating Torch holder lets
the Torch be the sensing probe for the
IHS. It is a mechanical way to do the
probe and is more reliable than ohmic
or capacitive sensing. Using a Z
homing sequence generated by the GCode (from SheetCAM) the Z is
lowered until the tip of the torch
touches the metal and the floating
mount allows the torch to be pushed
UP and that trips the switch.
Z AXIS FLOATING HEAD
SWITCH. Close up of switch connections.
Use Normally Open Pair.
(Precision Plasma HD Gantry and Z)
CONNECTED TO Z HOME in
BLADERUNNER on the TABLE I/O
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SETTING and TESTING INPUTS - HOMES
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Using an Optional Salve
Side Home Switch:

Typical rectangular
table setup

It is advantageous to use a
HOME on the slaved axis
(in this case A). There is an
input for an A HOME. If you
set your inputs to have an A
HOME in INPUT SIGNALS,
then slave the A axis, the
gantry will move towards
the switches and stop the
motor on the first one to
make contact. The other
axis will continue to run until
it contacts its switch. If the
two sides have gotten out of
sync, the XY REF will let
the gantry “Auto-square”
itself.

Y axis

4 motor setup (dual drive
on the gantry)

X Home
SWITCH

If you make the bracket on
one side or the other
adjustable you can fine
tune the position and
square the gantry with the
table.
If you elect NOT to use a
slave axis HOME
the
gantry will not square
when it homes

GANTRY

Z axis w/ torch holder
Z HOME

TABLE I/O REV 12.3

TO Output A (20A)
Socket HOT (Blk)

X, Y Homes

X axis

A Home
SWITCH

From Breaker
Leg on AC Input (hot)

TO Output B
Socket HOT (Blk)

Y Home
SWITCH

Jumper

Table I/0 REV 12.5 (new rev) Wiring for AC

0, 0
If you stand here to run the machine,
then 0, 0 is lower left corner from your
location. X is cross axis (short axis).
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HOME & LIMIT WIRING
Typical connections for Homes and Limits

CNC ELECTRONICS

Home and limit switch hook ups

COM

NO

NC

NO

COM

NC

NO

COM

NC

NO

COM

START of
STRING

END of
STRING

Use any COMMON for
one side of any switch

NO

NC

COM

NO

NC

COM

NC

NO

COM

NC

NO

Individual Homes Wired Normally Open
Y
X
Z
Z
COM

All of the inputs are opto isolated and
map to a specific pin on the parallel
port(s). In reality you can use any
input for any signal. Inputs are not fast
enough for Encoder feedback faster
than a few pulses per second. The
inputs use a “floating” ground (+12
return). If you need more inputs than
the 8 (9 with EPO) then a PORT 2 card
can be hooked to the UBOB and the
added Aux and BHome inputs will work
with a second parallel port.

NC

Normally closed contacts
For far limits. Wired in series

JUMPER EPO to be able to
bring MACH out of RESET

CONNECTED TO
TABLE I/O HEADER
ON UBOB III CARD
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The X Home should light up when you manually activate X Home switch. It should be off
when the switch is not active. If it is reversed (i.e. goes OFF when you activate the switch
but stays on otherwise) you will need to reverse the polarity of the switch in the Input
Signals. We recommend using normally open (NO) contacts on Homes and Normally
Closed (NC) contacts on the far limits (if used).
The far limits are wired in series external to the Table I/O card and it is setup so breaking
the string at any point activates a hard limit. The hard limits are safety switches located at
points on the table to prevent the machine from going past the table travel limits. You can
have far limits (opposite the 0,0 location of the table) AND near limits (at points where the
machine would crash on the other side of the Home switches. Limits are optional and on
stepper based systems you could elect to have just hard stops since the motors can be
stalled without damage.
A NOTE ABOUT LIMITS on the BladeRunner:
A stepper motor/driver is a “torque limited system” meaning that the drives limit the amount
of torque a stepper motor can apply to a load. It does that by limiting the current on each
pulse. While most AC and DC motors will quickly exceed their ratings if presented with a
large overload, the stepper just stalls (starts slipping) and “loses steps”. Because of this
they are safe from overload and will simply stop turning. Simple mechanical stops on an
axis will keep motors from running too far and no damage to motor or drive is inflicted. It
sounds bad because the motor vibrates as it attempts to turn but no harm is done. The
motor will not overheat and the electronics will not see it as an overload unless all 4 motors
are stalled at the same time. LIMITS are more for decoration than function on a stepper
system. Some users like to have them. If that describes you then by all means install and
set them up...you will feel much better!
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X HOME

ISO1

R1
RESISTOR

Floating Ground

BladeRunner EtherCut Command CNC for Linux User Manual PART 2
5 to 24VDC
100 ma or more

-

+

Table I/O

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

RED

CON25

RESISTOR

R3

24 VDC

12 VDC

820
1.5K

5 VDC
10 VDC

330
680

BLK

RED

LED on Table I/O

D4

R3 Values Aux volts

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
1

T13

T12

GRN

BLU

WHT

XHome Tab

1

Common Tab

OPB917IZ Slot Opto
Qut goes low when light
path is interrupted. Low
signal turns on input

R2

X HOME INPUT

C2
CAP NP

Floating Ground

Table I/O [HCL 301]
C ARD

LED blocks higher voltage to UBOB Opto

Floating Ground

Detail of connection for ONE input (X HOME). All others are the same except on different pins

AUX 5 to 24VDC Supply to match Opto switch. Do
not Ground neg side of power supply to external
ground or chassis. Negative side needs to connect
to input circuit common (Floating Ground on the Table
I/O card ONLY)

Normally a NO switch is connected across T12 and T13
terminals (XHome) and closing the switch turns on D4
through the cable to ISO1 on the UBOB. Since there
are two LED's in series (equal to 4 diodes) current from
the 24V side will not flow backwards through the LED's
and damage anything. Reverse breakdown of LED is >
than 24VDC.

OPTO on UBOB Card

+

4
3

ON UBOB Card

1
2

DC-DC Floating 9V

WARNING Do not attempt this option unless you can read and understand the schematic.
and have the wiring skills to make the connections and test equipment to troubleshoot the setup..
We offer this page as an EXAMPLE as to how to wire in other types of sensors. It does not represent components or products we
sell or provide in the BladeRunner. We have been asked in the past on how to do this and this page is the documentation of that
request. .Please do

USING OPTICAL SENSORS FOR INPUTS

CNC ELECTRONICS
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E-STOP and Safety Shutdown
CNC ELECTRONICS

In the BladeRunner system there are two forms of E-STOP:
Software (CommandCNC based) E-STOP
Hardware (ESPII / UACM Card) E-STOP
SOFTWARE E-STOP
In CommandCNC there is a mandatory input for E-STOP. It is implemented as a normally
closed input (must be held low to come out of RESET). That input is assigned in the
BladeRunner AIO to the EPO. With nothing attached to that pin it is pulled high interface
card. IF CommandCNC is in RESET, all outputs are disabled and no inputs are acted on
(ignored).
There is a general misunderstanding about software E-stop and if it is safe if the motors are
still under power. The answer lays in the fact that a stepper based system like the
BladeRunner HAS TO HAVE PRECISE TIMED SIGNALS to special drivers to initiate
motion. It cannot simply “run away”. It is virtually impossible to make a stepper motor turn
without the operating software (LinuxCNC) and the electronics providing a valid pulse
stream. In any failure scenario of the hardware (drive malfunction, shorted/open signals,
disconnected wires, loss of power, etc) motor rotation is not possible. Since the software
MUST be in control to issue pulses and the Charge Pump will turn off if the software is
frozen, in a loop, or malfunctioning, putting the software into RESET for any reason will
stop motion. It is actually harder to get motion when you SHOULD have it than to have a
stopped system. One of the added benefits to a stepper based control is IF IT DOES NOT
HAVE VALID STEP COMMANDS, IT LOCKS THE MOTORS if power is still on the drives.
Any consequence of applying DC or a short to any motor winding will cease rotation and
typically lock the motor. The only argument is that the input device for E-STOP might fail,
but that is no more likely than a failure of a HARDWARE based e-stop. So a failed drive
will not cause a stepper motor to Run Away. A failed computer or communications interface
will not result in random or uncontrolled motion. Coupled with the Charge Pump (see
section on the Charge Pump function) the probability of any motion more than .050 inches
is about the same as a computer attached to a printer and no keyboard activity (no user)
firing up and printing a perfect copy of the Magna Carta from random noise.
Since it REQUIRES concise control from the software to create motion, the software can
effectively control it going into RESET and E-STOP
The user can willfully disable Software E-STOP by setting the E-STOP input to read the
wrong polarity and render the E-STOP disabled, but a hardware E-stop can be disabled as
well.
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E-STOP and Safety Shutdown
SOFTWARE E-STOP

CNC ELECTRONICS

Implementing a SOFTWARE (ONLY) E-STOP. The BladeRunner AIO when properly setup
will be put into RESET if the E-STOP (EPO) string is broken.
EPO CONTACTS
ON TABLE I/O CARD
Wired Jumper

+

+

Isolated
Power
Supply

Visible LED

J6
ESPII
Supply
Bypass

ESPII Control relay
NC when ON

System is ACTIVE ON. All connections,
voltages and components MUST be intact and
working OR the system will Software E-STOP.
Anytime power is off CommandCNC cannot
come out of reset. Jumper at EPO can be a
string of “N...” switches (NC in series) that can
be wired at any point on the equipment. any
switch or connection in the string that open will
trigger an E-stop. Once closed condition is
restored, the operator must initiate a RESET to
bring the system back out of Software E-Stop.

DANGER ZONE
WHEN AUX AC
CORD IS
PLUGGED IN

CONNECTED TO
TABLE I/O HEADER
ON UBOB III CARD

EPO Bypass
EPO MUST BE JUMPERED (Closed). Jumper can be replaced by one
or more Normally Closed Switches (in series) for Software E-STOP
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E-STOP and Safety Shutdown
HARDWARE E-STOP
HARDWARE E-STOP. As an option there are
connections provided for a Normally Closed
Hardware E-stop that removes current flow from the
Control relay. The Control relay is a small electromechanical DPDT relay that DIRECTLY provides
power to the Main Safety Relay (AC INPUT RELAY).
This is a direct shutoff with no semiconductor failure
points. When the HARDWARE E-STOP is tripped
the DC power is removed from the motors, dynamic
braking is applied (Load Dump), a software e-stop is
sent via the second set of relay contacts on the
Control Relay, and the processor that controls all of
the power monitor and functions is signaled. As
long as the Hardware E-STOP is OPEN (tripped)
than the AC is removed from the main power supply.
Barring failure of both the processor and the control
software, there is no possibility of motion from the
system even if the Hardware E-STOP is pulled out of
tripped condition
Switch must be Normally Closed and
OPEN when pushed (or pulled on
some types). If switch is mounted
more than 6 ft from Front Panel card,
use twisted pair wire. 24 to 20 ga
wire is okay.

CNC ELECTRONICS

USE Dotted wiring for single
switch. You can wire multiple
switches in series as long as
they all are Normally Closed
when inactive. Pushing any
switch in the string will OPEN
the circuit and E-stop the
machine.

NO COM NC

NO COM NC

REMOTE SWITCHES NOT INCLUDED

Top of FP

Back Side View
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Led indicates K4
is active. Coil is energized

AC OUT AC IN

AC IN
AC OUT

SETUP & TESTING OUTPUTS

CNC ELECTRONICS

CONNECTED TO
TABLE I/O HEADER
ON UBOB III CARD

Led indicates K3
is active. Coil is energized

EPO Bypass
OUTPUT Status (Cont). There are two AUXILLARY OUTPUT Relays on a BladeRunner
EtherCut Plasma AIO unit. They are designed as AUX1 and AUX2 on the Buttons and
they toggle ON/OFF the AC Outlets A and B on the end of the BladeRunner Box. These
AC outlets are wired to the AUX AC line cord on the BladeRunner. That cord must be
plugged in before the outlets can be used. CAUTION! There is high voltage (120VAC )
at the Relays and the Outlets.

DO NOT OPERATE THE BLADERUNNER WITH THE AUX AC CORD
PLUGGED IN AND THE TOP COVER REMOVED.
On the EBOB based BladeRunner Plasma Config for Plasma(with DTHC) the TORCH
output is defined internally and mapped to the M3 M5 on/off commands. It is used to turn
on the TORCH Relay located out on the THC SENSOR PWM. Operation is covered in
depth in the DTHC 5 User Manual but it is easy to simply plug in the THC SENSOR PWM
module to the DTHC 5 module using the 25ft UTP Cable and test the TORCH ON by
toggling the TORCH button on the Screen and watching the TORCH LED on the front of
the THC SENSOR PWM module. You can test the other two AUX outputs by plugging in
the AUX AC cable and plugging in an AC load (table lamp, 120VAC FAN . etc) and toggling
the individual outputs on and off.
In an EBOB system with the Relays on the Table I/O, the AUX ouputs on the box are tied to
Output 3 and Output 4. The function those outputs perform (normally Flood and Mist
triggered by M7 and M8 and (both) cancelled by M9) are define in the Outputs Tab in the
configurator. See the next page about the AUX outputs.
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AUX
AUXAC
AC
Line
LineCord
Cord

Switched A
Outlet
K3 Relay

AC Line Cord
Main Power

K4

K3

K3Panel

+

1

K3

D2

6

D15

J2

K4

K3

K3

D3

D10

K3

DANGER! DANGER!
ARC
OK

10

K4

LED

J5

COM

K4Panel

NO

J4

K3
COM

K4

NO

NO Com2

K3

J18

OUTPUTS
TABLEI/O

THIS
SECTION OF
TABLE I/O IS
Dangerous
(High Voltage)
When AUX AC
CORD IS
PLUGGED IN!

Switched B
Outlet
K4 Relay
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Checking Outputs Using Diagnostics Page
Once you have established that you are getting proper inputs (see previous page) then
you can test the outputs. With the BladeRunner connected and powered up and with
the DC power on (Front panel White Button pushed and GREEN Led is ON) then open
the Diagnostic tab.

Ethernet Connection to PC
Must be plugged in and working

Charge Pump LED (Yellow)

As soon as CommandCNC is out of E-STOP the CP (Charge Pump)
LED on the side of the Bladerunner should come on steady.
CP is a generated signal FROM CommandCNC, sent to the EBOB
via Ethernet. It is a safety signal that prevents random outputs on
power up. Lack of CP (off) will inhibit ALL outputs including Motor
motion signals. Nothing will turn on or move. Lack of CP shows the
Ethernet port is not working or at the wrong IP address in
CommandCNC. You can also get no CP if you are not running the

Once you have the CP on, you can trip an output and it will turn
on the Diagnostic Tab in the OUTPUT STATUS. Plasma
systems will have 3 outputs (Torch is Torch Output). Routers
only have two outputs.
If you want to test the physical outputs on a BladeRunner, plug an AC device (lamp,
fan, etc) into the A or B outlet on the end and toggle AUX A or AUX B to turn it on.
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END of BladeRunner Ether-Cut
LINUX Manual

Once you have setup and tested your BladeRunner EtherCut CommandCNC system, you
are ready to proceed with setting up and tuning the DTHC 5 Digital Torch Height Control if
you have the Plasma version of the BladeRunner. Use the DTHC 5 Setup and Config
Manual provided to add this feature.
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